Commensal bacteria are crucial to maintain immune homeostasis in mucosal tissues and disturbances in their ecology can impact disease susceptibility. Here we report evidence that commensal bacteria shape the efficiency of immune surveillance in mucosal tissues. 
mice challenged with B16/F10 cells were observed and compared with the controls. Additionally, the mice were injected i.v. with 2×10 6 LLC cells, and tumor assessment was performed as described above on day 21 after the challenge.
Bacterial diversity analysis
Stool samples were freshly collected and were stored at -80 °C before use. DNA was extracted from 0.18-0.22 g of stool using a QIA amp DNA Stool Mini Kit (Qiagen). The DNA was recovered with 30 µL of AE buffer (Qiagen). The 16S ribosomal RNA (rRNA) gene was analyzed to evaluate the bacterial diversity by using Illumina Miseq (Novogene Bioinformatics Technology Co., Ltd).
Isolation of lymphocytes
Lymphocytes from the lung, liver, and spleen were isolated as previously described (19). The lymphocytes from the liver and lung were prepared by density gradient centrifugation with 40% and 70% Percoll.
Flow cytometry analysis
The following monoclonal antibodies were purchased from BD Pharmingen (San Diego, CA, USA) and used in this study: FITC-conjugated anti-NK1.1 (clone PK136), PE-CY7-conjugated anti-NK1.1 (clone PK136), PE-conjugated anti-IL17A (clone TC11-18H10), rat serum for 30 min at 4°C and then stained with the indicated antibody for 30 min at 4°C in the dark. For the intracellular cytokine assay, the cells were stimulated with PMA (Sigma, St Louis, MO), monensin (Sigma, St Louis, MO) and ionomycin (Calbiochem, San Diego, CA, USA) for 4 h.
The cells were labeled with surface markers, fixed, permeabilized, and then labeled with the indicated intracellular antibody for 30 min at 4°C in the dark. All data were acquired using a FACS-Verse flow cytometer (Becton-Dickinson, Franklin Lakes, NJ, USA) and analyzed using FlowJo 7.6.1 software.
RNA extraction and cDNA synthesis
Total cellular RNA was extracted using the TRIzol reagent (Invitrogen). mRNA was reverse transcribed into cDNA in a 40 μl reaction volume containing the following reagents: 4 μg of total mRNA, 5 μmol/L oligdT, 0.5 mmol/L dNTPs, 8 μl of 5×buffer, 10 mmol/L DTT, 56 units of RNase inhibitor, 400 units of M-MLV and distilled water (ultrapure, DNase and RNase free). The RT reaction was performed at 37°C for 50 minutes, followed by heating at 70°C for 15 minutes.
Real-time PCR
The standard reaction is described in the supplemental materials and methods. The gene expression levels were quantified by ΔΔCt method.
Adoptive transfer of γδT cells
γδT cells were isolated and purified from the lungs of normal 9-to 10-week-old female C57BL/6 mice using the mouse TCRγδ+ T Cell Isolation Kit (130-092-125, Miltenyi Biotec, Bergisch
Gladbach, Germany). γδT cells (1. 
IL-17A treatment
Recombinant murine IL-17A (catalog 210-17, Peprotech) was injected i.v. into the Abt mice (0.5 μg/mouse in 250 μl of PBS). IL-17A was injected one day before B16/F10 challenge, and additional injections were performed every three days. The same volume of PBS alone was used as the control.
Statistical analysis
All data are shown as the mean ± SEM. The differences between the individual data were analyzed using Student's t-test or analysis of variance (one-way ANOVA) when appropriate. Least significant difference tests (LSD, 0<α<1) were used for the post hoc tests. Mouse survival was analyzed using the Kaplan-Meier method. A P-value < 0.05 was considered statistically significant.
Results

Enhanced lung tumor induction in antibiotic-treated mice.
To determine whether commensal microbiota might influence the host's defense against tumors, mice were treated with ampicillin, vancomycin, neomycin sulfate, and metronidazole (V/N/M/A) to deplete their microbiota as previously reported (4, 18) . As shown in Figure 1A , the Abt mice were more susceptible to B16/F10 melanoma development and had a shortened mean survival time. The survival of the control mice was 29.70 days compared with 24.10 days for the Abt mice after the B16/F10 melanoma challenge. On day 17 after the challenge, the Abt mice exhibited larger tumors and an increased number of tumor foci in the lung compared with the control mice as assessed by The antibiotic treatment induced weight loss early during treatment, which raised the concern that dehydration may affect the ability of the mice to resist tumor growth. However, the tumor development did not change after we co-administrated sucralose in the antibiotic water. This result suggested that the defective antitumor effect in the Abt mice were independent of dehydration (data not shown).
Anti-tumor defense requires intact commensal bacteria with no class specificity.
To clearly demonstrate which class of bacterial is responsible for the observed effect, we treated the mice with individual antibiotics. Remarkably, the individual treatments with ampicillin, vancomycin, neomycin sulfate or metronidazole recapitulated the effects of the combination antibiotics treatment on the body weight and susceptibility to tumor development (Figure 2A and 2B). These results indicate that the commensal bacteria required for the host anti-tumor defense are not restricted to one type of bacteria. To explore whether the defective anti-tumor response in the Abt mice was associated with the overgrowth of antibiotics resistant bacteria induced by prolonged antibiotics treatment, the abundance and composition of the bacteria in the stool of these mice were evaluated by microbiological analyses. Antibiotics treatment resulted in a significant decrease in the aerobic bacterial stool load compared with the water control group ( Figure 2C ). Although more than 75% of bacteria were depleted after the antibiotics treatment, we considered the possibility that antibiotics resistant strain could appear. Thus, we used 16S rRNA assays to analyze the bacteria composition after antibiotics treatment. As shown in Figure 2D and E, antibiotics treatment caused a change in the overall composition, and led to a low frequency of Firmicutes and Bacteroidetes and a high frequency of Proteobacteria in the Abt mice. However, we did not observe any new strains that were antibiotic resistant. These results indicated that the enhanced tumor induction in Abt mice was not associated with the appearance of antibiotic-resistant bacteria and was instead related to the presence of symbiotic bacteria with no class specificity. 
γδT cells and IL-17 restore the anti-tumor immune response in antibiotic-treated mice
The function of γδT cells in the lung was impaired after antibiotics treatment, particularly the function of γδT17 cell subset. This dysfunction might be related to the susceptibility to tumor development in the lungs of these mice. To examine this hypothesis, γδT cells and IL-17A rescue experiments were performed. We purified lung γδT cells from normal mice and adoptively transferred them to Abt mice with B16/F10 tumors as described in Figure 7A and 7B. Remarkably, normal γδT cells transferred into Abt mice led to smaller tumors and a decreased number of tumor foci in the lungs on day 17 after the challenge with B16/F10 melanoma cells ( Figure 7C ). Additionally, these mice had a longer mean survival time (from 24.11 days to 29.89 days) ( Figure   7D ). This result was similar to the PBS-treated water-drinking control mice. These data indicated that γδT cells were sufficient to restore the immune responses to the B16/F10 melanoma cells in the Abt mice.
The functional cytokine IL-17A was reduced in the lung γδT cells of Abt mice. Thus, we tested whether it exerted effects similar to the normal γδT cell transfer as described in Figure 7A . We observed that IL-17A supplementation also significantly restored the anti-tumor responses and resulted in smaller tumors and a decreased number of tumor foci in the lungs on day 17 after the challenge ( Figure 7C ). The mice also had a longer mean survival time (from 24.11 day to 31.89 day) ( Figure 7D ). These results indicated that the alteration in the microbiota caused by antibiotics led to the failure of the γδT cell response and the impaired IL-17 release. These data explain the susceptibility of these mice to B16/F10 melanoma development in the lung.
Discussion
In this study, we used two mouse tumor models, including metastatic B16 melanoma and Lewis lung carcinoma, to reveal that commensal microbiota could regulate the host immune surveillance of tumor cells in the lung. Oral antibiotics treatment led to defective γδT17 cell immunity, which resulted in the susceptibility of the mice to B16/F10 melanoma and LLC development with larger tumors and an increased number of tumor foci in the lungs. As a result, these mice had a shortened mean survival time. We found that supplementation with normal γδT cells or IL-17A could restore the anti-tumor immune responses of the Abt mice. 
